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The  Determination  of  the  Time  between  h'xoltatlon 
and  Emission  for  Certain  Fluorescent  Sollda. 

Introduction. 

it  has  been  shovm  recently  by  Professor  it. W.Wood*  that  some 
fluorescent  substances  remain  dark  during  a  definite  period  of 
e:  citation.  He  showed,  in  other  words,  that  the  exciting  energy 
was  imprisoned  for  a  short,  but  definite  and  measurable  interval 
of  time  within  the  fluorescent  substance.  In  the  case  of  mercury 
vapor,  1/15000  second  was  obtained  by  him  as  the  intervening  period 
between  the  beginning  4f  the  process  and  the  emission  of  the  light. 
Similar  observations  made  with  barium-plat ino-cyanide  indicated  that 
not  only  was  this  interval  of  time  less  than  1/4OOOOO  second,  but, 
furthermore  that,  the  total  duration  of  the  phosphorescence,  i.e. 
the  continued  process  of  emission  of  light  energy  after  the  exciting 
incident  energy  ceases  to  fall  upon  the  fluorescent  substance,  was 
also  very  short. 

it  was  evident  that  the  period  of  darkness  for  barium  platino 
cyanide  was  outside  the  range  of  the  synchrcno-phosphoroscope  method 
employed  by  Professor  ..ood,  and  he  suggested  that  the  method  of  Abra- 
ham and  Lemoine  might  lend  itself  to  an  accurate  determination  of  the 
period  in  question. 

The  method  of  Abraham  and  Lemoine  makes  use  of  the  double 
refractive  property  of  liquids  when  subjected  to  an  electrostatic  field. 


*  Proc  ?.oy.  3oc.  A.  vol.  99,  362,  1921. 


A  condenser  formed  by  immersing  two  metal  plates  in  a  liquid 
such  as  carbon  bisulphide  or  nitrobenzene,  is  allowed  to  dis- 
charge through  a  spark  gap.  A  Nicol  prism  is  placed  between  the 
spark  gap  and  the  condenser,  and,  if  the  spark  is  viewed  through 
the  space  between  the  condenser  plates,  it  is  impossible  to  extin- 
guish the  light  by  a  second  Nicol  held  close  to  the  eye,  unless  the 
path  over  which  the  li^t  must  travil  is  increased  in  some  such  way 
as  reflection  in  a  distant  mirror.   In  the  latter  case  a  position 
of  the  mirror  can  be  found  for  which  the  light  from  the  spark  can  be 
extinguisl:ed  by  the  second,  or  analysing  xdcol. 

It  is  evident  from  this  that  the  double  refraction  of  the 
liquid  under  these  conditions  varies  in  degree  with  the  time.  This 
circumstance  might  be  employed  to  measTore  the  time  which  expires  be- 
tween the  instant  of  occurrence  of  the  spark  and  the  instant  fluor- 
escent light  bursts  from  some  substance  e:  cited  by  the  spark.  For  if 
the  fluorescent  light  were  reflected  in  the  mirror,  a  position  of  the 
latter  could  be  found  for  which  the  fluorescent  light  could  be  entirely 
extinguis  ed  by  the  analysing  Nicol.  The  distance  between  this  posi- 
tion and  the  corresponding  vosition  when  the  light  from  the  spark 
could  just  be  entirely  extinguished,  when  divided  by  the  ve  ocity  of 
light,  would  give  the  time  the  fluorescent  substance  remains  dark. 

Description  of  Apparatus. 

jjor  the  particular  problem  at  hand,  however,  it  was  found  advan- 
tageous to  elaborate  on  the  simple  arrangement  and  method  just  de- 
scribed by  introducing  a  double  image  prian  into  the  optical  path 


3 
of  the  light  between  the  condenser  and  analysing  Micol.   The 
final  electrical  circuit  and  optical  arrangement  employed  were  as 
shown  in  figure  I,  and  are  very  similar  to  those  proposed  by  .ord 
r.ayleigh*. 

'L'he  spark  gap  P  was  comiected  through  a  resistance  li   to  the 
condenser  i  containing  nitrobenzene  and  which  shall  be  referred  to 
as  the  Kerr  cell.   'he  latter  alone  gave  a  poor  spark,  but  by  con- 
necting another  condenser  A,  a  Leyden  Jar,  in  parallel  with 

the  first  circuit,  as  shown  in  the  figure,  a  fine  bright  spark 
was  obtained.   The  condensers  A  and  K  were  charged  interraittantly 
by  an  ordinary  spark  coil  C  with  a  twelve  volt  storage  battery  con- 
nected to  the  primary,  and  were  allowed  to  discharge  through  the 
spark.  Nj^  is  the  polarizing  Ulicol  and  ^2   the  analysing  Nicol.  D  is 
the  double  image  prism  placed  between  the  Kerr  cell  K  and  Ng,  and  was 
so  oriented  as  to  give  only  one  image  of  the  narrow  slit  S  when  K  was 
disconnected  from  the  electrical  circuit.  The  analysing  iMicol  Ng  was 
then  turned  to  the  position  of  eztinction  of  this  image.  Call  this 
the  zero  position  of  Ng.  Replacing  the  Kerr  cell  in  the  electrical 
circuit  caused  the  restoration  of  one  of  the  images,  namely  the  one 
whose  plane  of  vibration  was  parallel  to  the  short  diagonal  of  the 
analysing  Nicol.   Turning  Ng  through  a  small  angle  restored  the  other 
image,  and  two  positions  of  Ng,  obtained  by  turning  it  clockwise  in 
one  case  and  counter-clockwise  in  the  other  case,  could  be  found  at 
which  the  intensities  of  the  two  images  appeared  the  same.  The  angles, 
a,  through  which  Ng  must  be  turned  to  arrive  at  these  positions,  when 


*  Scientific  Papers.  Vol.  ?,  p.  190. 
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opposite  in  dlreotion,  are  equal  in  value.  If,  instead  of  illumina- 
ting the  slit  S  ty  the  spark  directly  the  light  is  first  made  par- 
allel hy  a  lens  L,  reflected  in  a  mirror  M,  and  brought  to  a  focus 
again  either  "by  the  same  lens  L,  or  another,  and  the  light  from  this 
final  image  employed  to  illamlnate  the  slit  S,  it  is  found  that  the 
angle  a  is  different  for  different  positions  of  the  :.;irror  M.  Cimres 
I  and  II,  figure  2,  plotted  with  2a  a»  abscissae  and  distance  d  be- 
tween the  mirror  and  spark  as  ordinates  show  typically  the  variation 
referred  to  above,  with  two  different  values  of  the  resistance  R. 

The  plates  of  the  Kerr  condenser  were  18.05  x   2.9  centimeters 
and  were  two  millimeters  apart.  Therefore  the  capacity 

K  = A_  =»  34  2.9  X  16.05  =  447  centimeters  =  49.7  x  10~   farads 

4n  d   48         2 

iTie  inductance,  L,  of  the  K^-P  circuit  may  be  taken  as  approiimately 

that  of  a  circle  of  the  same  sized  wire  and  of  one  foot  diameter.  This  is 

calculated  from  the  formula  given  by  W.H.  Nottaga*:  L  =  4IIa  (log^  ^    -2) 

where  a  is  the  radius  of  the  circle  to  the  center  of  the  wire,  and  r   is 

the  radius  of  the  wire  of  circular  section.  The  wire  was  number  18  S.V/.G 

The  inductance  of  a  foot  diameter  circle  of  this  is  1073  centimeters. 

Taking  1100  centimeters  as  the  value  of  L  in  the  actual  circuit  eniployed 

it  is  found  that  a  must  be  greater  than   4Ji  =  94.3  ohms  in  order  that 

c 
the  discharge  of  K  be  non-oscillatopy.  The  resistance  employed  in  most 

cases  was  one  hundred  ohms  or  greater. 

^furthermore  the  time  constant,  KR,  of  the  K-B-P  circuit,  i.e.  the 

time  required  for  the  potential  between  the  plates  of  K  to  fall  to  36.8^ 

*  •i7.H.Nottage.  Galo.  &  Meas.  of  Ind.  &   Cap.  p.  17 


of  its  original  value  -  if  SOO  ohms  be  the  value  of  R,  is  KR  - 
300.49.7  .  lO""*"^  -  1.49  x   10~''seo. 

The  period  of  the  spark-Leyden,  i.e.  the  A-P  circuit 

-7 

T  "     c  L  =    .0005  X   1100  -  1.14  i  H.,      sec, 

5.033  X  10&         5.033  z  lo" 

where  C  is  the  capacity  in  micro-farada  and  L  is  the  inductance  in 
centimeters.   Here,  as  in  the  previous  case,  the  inductance  of  the 
circuit  is  assumed  approximately  equal  to  that  of  a  circle  of  one  foot 
diameter. The  period  was  also  determined  by  comparison  with  that  of  the 
same  circuit  when  the  capacity  of  A  was  Increased  from  its  value  .0003 
microfarads  to  .00693  microfarads.  V/ith  the  latter  capacity  in  the  A-P 
circuit,  photographs  were  taken  of  the  spark  reflected  in  a  rapidly 
revolving  mirror.  These  photographs  showed  clearly  the  alternate  bright 
and  dark  regions.  The  distance  between  successive  bright  regions  meas- 
ured by  the  dividing  engine  was  .0172  centimeters. 

The  angular  velocity  of  the  mirror  was  161.7  revolutions  per  sec- 
ond; consequently  the  angular  velocity  of  the  rays  was  323.4  revolutions 
per  second.  The  focal  length  of  the  camera  lens  was  26.5  cm.  Hence 
the  velocity  of  the  image  across  the  photograjihic  plate  was  2n  .  26.5. 

323.4  »  53847.6  am.  per  sec.   From  this  the  period  of  the  spark  was 

7 
2  .0172     =  6.16  X  10   sec.  Since  the  period  is  proportional  to  the 

53848 
square  root  of  the  capacity,  the  period,  when  the  capacity  A  is  .0003 

—  7   r-^— — ^—  7 

microfarad,  is  6.16  x  lo"  ,/  .0003    =  1.  25  x  10~  sec. 


Y. 
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Theory. 

V/e  may  now  consider  the  electrical  sequence  of  events  of  the 
circuits  in  f'igure  I  and  the  resulting  optical  effects.   I'he 
interrupter  of  the  primary  circuit  of  the  induction  coil  C  in- 
duces a  high  potential  in  the  secondary,  which  in  ttirn  charges  the 
condensers  A  and  K.  This  charging  process  continues  until  the  break- 
down potential  of  the  spark  gap  P  is  reached.  At  the  occurrence  of 
the  spark  F,  an  oscillatory  discharge  of  A  throu^  P  begins,  while 

the  discharge  of  K  through  the  resistance  H  and  P  is  non-oscillatory 

2 

if,  for  the  circuit  K-fi-,P,  _R ,  1 ,  where  Lis  the  inductance  of 

4l2    LK 
the  circuit  and  K  the  capacity  of  the  Kerr  condenser.  I'hls  condition 

was  maintained  during  the  experiment. 

ihe  disc;  arge  of  t:  e  Kerr  cell  through  the  resistance  H   and  spark  P 

may  be  represented  analytically  by  the  eqxiation 

E  =  Eq  e  "'"   , 

where  E^  is  the  initial  value  of  the  potential,  and  ?■    *  1_  #  and 

RZ 
graphically  by  curve  A  in  Figure  3.  Furthermore,  since  the  period  of 

the  spark  is  approximately  equal  to  the  time  required  for  the  Kerr 

potential  to  fall  to  36.8^  of  its  original  value,  there  will  occur 

approximately  two  half  oscillations  of  the  spark  in  that  time,  and, 

represented  on  the  same  scale  of  abscissae,  curve  B,  figure  3,  may 

represent  the  variation  of  the  intensity  of  the  spark. 

Kow  the  angle  through  which  the  Nicol  Np  must  be  rotated  to 

obtain  equality  of  the  images,  as  previously  described,  is  shown  by 

Hascart*  to  be  proportional  to  the  difference  between  the  two  refractive 

M 

*  Uascart.  Optique  t  II,  p.  66 
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indices  of  the  nltro'benzene  when  subjected  to  the  electrostatic 
field.  Exji^eriment  and  theory  with  reference  to  the  Kerr  effect 

lead  to  the  fact  that  this  difference  of  the  refractive  indices 

2 

is  proportional  to  the  square  of  the  potential,  i.e.  to  S  . 

Therefore  the  restorative  power  of  the  cell,  as  measxired  by  the 
angle  a   throiigh  -which  Kg  must  l)e  rotated,  is  proportional  to  the 
square  of  the  potential. 

This  was  verified  experimentally  by  viewing  the  images  of  a 
continuously  illuminated  slit  through  two  crossed  Kicols,  the  Ilerr 
cell  and  double  image  prism  arranged  esactly  as  in  figure  I,  this 
time,  however,  applying  a  direct  potential  to  the  plates  of  the  err 
cell.  Then  the  potential  was  varied  in  steps  and  the  resulting  varia- 
tion of  the  ayjgle  through  which  the  second  Idcol  K2  ^^^^   to  ^Q  rotated 
to  produce  equality  of  the  images,  was  observed.  I'he  curve  in  igure  4 
shows  this  variation.   The  logarithm  of  the  potential  E  was  plotted 
as  ordinates  with  the  logarith  of  the  angle  2a.  as  abscissae  and  the 

straight  line  with  slope  2.08  in  figure  5  was  obtained. 

2   2  _2 
The  instantaneous  restorative  power  of  the  Kerr  cell  a-  JE  -jEq  e 

may  therefore  be  represented  by  the  curve  C  in  figure  3.   If  the  re- 
storative power  were  constant,  the  restored  image  would  vary  in  inten- 
sity with  the  light  from  the  spark  as  given  by  curve  B.  The  angle 
through  which  the  Nicol  Kg  must  be  turned  to  obtain  equality  of  the 
images  would,  in  this  case,  be  constant  regardless  of  this  variation 
of  li^t  intensity.  The  light  from  the  spark  may  therefore  be  con- 
sidered as  having  some  constant  value,  the  average  of  tr.e  ordina  es 
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of  curve  13  ,  and  lasting  during  the  interval  t|  to  to,   whore  t-, 
is  the  instant  the  Kerr  cell  begins  to  discharge,  and  t2  Is  the 
instant  when  the  restorative  pow'er  of  the  Kerr  cell  has  fallen  to  a 
value  negligible  in  comparison  with  that  at  the  instant  v/hen  the 
Kerr  condenser  begins  to  discharge.   This  is  based  on  the  agsuraption 
that  the  spark  continues  to  oscillate  until  or  after  the  instant  tp 
just  described. 

Actually  the  restorative  power  of  the  cell  has  fallen  to  about 

_7 
one  percent  of  its  original  value  in  3  z  10   seconds  after  the  Kerr 

cell  begins  its  discharge.  The  period  of  the  spark,  on  the  other  hand, 

-7 
is  approximately  1.2  x   10   second  and  the  photograrhs  of  the  sparks 

sho7.'ed  as  many  as  seven  or  eight  in  a  series.  Hence  the  spark  continues 

_7 
its  oscillation  for  at  least  4  x  10   second,  and  the  above  assumption 

was  j-ustifiable* 

If,  hov/ever,  instead  of  being  constant,  the  restorative  power,  ', 

vary  as  in  ctirve  C,  figure  3,  the  intensity  of  the  restored  image  varies 

accordingly,  and  the  angle  which  the  eye  accepts  as  giving  equality  of 

the  images  is  an  average  value  of  the  ordinates  of  curve  G.  This 

average  value  of  a  :   a   «■  _1 J  a  dt  »     1     J  Eq  e    dt. 


-2,it 

e      ). 


But  tg  is  the  value  of  t  when  the  potential  ::;  is  negligible  in  com- 
parison with  its  original  value  E  e"^*,  consequently  e~  '  ^   may  be 


c    : 
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Actually  t-^   is  the  instant  when  the  light  from  the  spark  begins 
to  pass  through  the  Kerr  cell.  Reflecting  the  light  In  a  mirror  and 
thus  increasing  its  path  varies  this  instant  t-j^.   In  other  wordi, 
reflecting  the  light  in  a  distant  mirror  has  the  effect  of  moving  cvurve 
B  along  the  time  axis  hy  an  amount  equal  to  that  required  for  the  light 
to  travel  twice  the  distance  from  the  spark  to  the  mirror.  Further- 
more, tg  Is  a  constant  for  any  one  value  of  the  resistance  R,  hence 
the  average  value  of  the  restorative  power  of  the  Zerr  cell,  i.e. 
the  angle  through  which  the  Nicol  ^^   °"^*  ^®  turned  to  obtain  equality 
of  the  images  varies  with  t,  i.e.  with  the  position  of  the  mirror,  only. 

If  the  li^t  illuminating  the  slit  he  that  from  some  fluorescent 
substance  placed  very  close  to  the  spark,  the  light  from  the  latter  being 
completely  hidden  from  the  observer's  view,  the  fluorescent  light  will 
be  much  fainter,  but  oscillat6ty  in  its  intensity  just  as  the  spark  light 
is  oscillatory.  And  if  the  fluorescent  substance  begins  to  emit  light 
the  instant  the  li^t  of  the  si  ark  falls  upon  it,  the  angle  a  will  be 
the  same  as  that  obtained  when  the  spark  itself  wa»  viewed  directly. 
If,  however,  an  interval  of  time  elapses  betv/een  the  instsmt  the  spark 
light  begins  to  fall  on  the  fluorescent  substance,  and  that  at  which 
the  latter  begins  to  emit  light,  the  effect  v;ill  be  the  same  as  if  the 
two  processes  occurred  simultaneously, but  the  fluorescent  light  were 
reflected  in  a  distant  mirror  tefore  it  reached  the  err  cell. 
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It  may  seem  at  first  sight  that  the  most  ideal  conditions  for  the 

measurement  oif  time  intervals  as  short  as  that  required  for  light  to 

-8 
travel  fifteen  meters  or  less,  i.e.  5  x  10   second,  are  those  ob- 
tained v/hen  the  resistance  R  in  series  with  the  Kerr  cell  is  zero. 
Then,  since  the  capacities  of  the  Kerr  cell  and  atucillary  condenser 
are  ai  proximately  the  same,  and  the  inductances  of  their  respective 
circuits  are  likewise  approximately  the  same,  the  K-P  circuit  should 
oscillate  with  the  same  frequency  as  that  of  the  A-J>  circuit.  Under 
these  conditions,  hov.ever,  no  toticahle  variation  in  the  position  of 
the  J^:icol  H^   for  equality  of  the  images  was  realized  as  the  light  path 
was  increased.   The  reason  for  this  is  evident  from  the  following: 
In  as  much  as  the  position  of  IT2  for  equality  of  the  images  is  inde- 
pendent of  the  intensity  of  the  light,  the  oscillatory  nature  of  the 
light  source  has  the  same  effect  as  would  a  light  source  of  some  average 
tut  constant  intensity.   The  position  of  Ng  which  would  give  equal 
intensity  of  the  images  does  vary  periodically,  however,  the  period  being 
twice  that  of  the  H-P  circuit.  The  eye  cannot  follow  these  rapid 
oscillations  hut  chooses  some  average  position  which  is  practically 
independent  of  the  position  of  the  mirror,  at  least  for  those  positions 
within  fifty  meters  from  the  spark.  Of  course  it  would  be  jossible  to 
find  a  position  of  the  mirror  for  which  the  first  light  of  the  series  of 
sparks  would  not  reach  the  i-ierr  cell  until  after  the  last  oscillation  of 
the  latter  had  died  away  and  the  cell  would  consequently  not  restore  the 
li^-ht.  This  position  would  depend  upon  the  nmber  of  sparks  on  the 
average,  that  v/ere  in  any  one  series.  And  for  positions  of  the  mirror 
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just  a  few  meters  nearer  to  the  spark  F,  the  average  poBltion  of  No 
for  equality  of  the  images  as  chosen  by  the  eye  would  be  small  and 
would  increase  gradually,  but  would  soon  reach  a  maximvnn,  which  would 
persist  as  the  mirror  were  brought  nearer. 

The  arrangement  shown  in  figure  1  may,  therefore,  be  employed 
to  measure  the  time  interval  betv/een  the  absorption  and  enission  of 
light  in  fluorescence  by  merely  illuminating  the  fluorescent  sub- 
stance directly  by  the  spark  and  determining  the  corresponding  angle 
a  for  the  former.   Comparing  this  with  the  different  values  of  a 
obtained  for  the  various  positions  of  the  mirror  it  is  possible  to 
find  one  position  of  the  mirror  for  which  the  value  -  is  the  same  as 
for  the  fluorescent  substance.   In  fact  it  is  only  necessary  to  find 
a  point  on  the  curve  whose  abscissa  is  the  value  of  a.   obtained  for  the 
fluorescent  substance.   Its  ordinate  is  the  corresponding  position 
of  the  mirror  measured  from  the  spark  ,  and  the  time  required  for  light 
to  travel  twice  this  distance  is  the  period  of  time  the  exciting  light 
of  the  spark  is  imprisoned  within  the  fluorescent  substance. 

-j-tethod. 

1'he  experiment  was  first  tried  wit;,  the  condenser  plates 
inmersed  in  carbon  bisulphide,  but  the  Kerr  effect*  is  not  sufficiently 
pronounced  in  this  case  to  give  good  results.  In  fact  the  light  coming 
directly  from  the  spark  was  only  faintly  restored.  Nitrobenzene  was 
then  tried  and  two  sources  of  difficulty  at  first  retarded  the  progress 


12 

of  the  work.   The  boat  nitrobenzene  availabe  was  found  to  t©  so 

oonducting  that  no  spark  could  be  obtained.   Furthermore  the  liquid 

was  quite  yellow  and  absorbed  much  of  the  light  passing  through  It, 

a  difficulty  irtiich  assvunes  considerable  proportions  when  the  ll^t 

is  as  faint  as  that  emitted  from  barium  platlno-cyanide.   rhis  diffi- 

exilty  was  eliminated  by  distilling  the  nitrobenzene  at  five  millimeters 

pressure,  a  sj^cially  constructed  vigoral  column  being  employed  during 

the  process.  At  this  pressure  the  nitrobenzene  boiled  at  about  90° 

centigrade,  and  the  condensing  liquid  became  gradually  paler  in  color 

as  the  distillation  p -oceeded.   The  middle  section  which  was  a  pale 

straw  color  was  selected  and  found  to  absorb  only  a  negligible  quantity 

but 
of  light.   It  also  served  well  as  a  dielectric/was  further  improved  by 

applying  a  constant  voltage  of  about  250  volts  for  ten  or  twelve  hours 
to  the  terminals  of  the  Kerr  cell. 

The  electrical  connections  were  so  arranged  that  when  the  Kerr 
cell  was  not  needed  in  the  circuit  of  the  spark  gap,  the  direct  volt- 
age of  250  volts  was  applied  to  the  cell.   The  resistance  of  the  latter 
was  found  to  increase  from  70000  ohms  to  several  megohms  by  merely 
applying  the  constant  voltage  for  about  twelve  hours.   The  resistance 
remained  practically  the  same  for  two  hours  after  disconnecting  the  cell 
from  the  so\irce  of  potential.   Tho  constant  potential  was  applied  to 
the  cell  always  in  the  same  direct  io^.   L'he  Kerr  effect  of  the  cell 
was  strongest  ijnmediat3ly  after  disconnecting  it  from  the  source  of 
constant  potential  and  decreased  sli^itly  during  a  minute  after  which 
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it  remained  constant.   In  doterraining  the  anges  ^  for  any 
one  position  of  the  mirror  lA,   a  series  of  settinee  of  the  analyaing 
Kiool  were  made  alternately  on  the  two  sides  of  the  zero  posit  ion, 
the  successive  readings  on  the  same  side  of  the  zero  position  agreeing 
hy  one  degree  or  less  being  taken  as  an  indication  that  the  ICerr  effect 
of  the  cell  was  constant.  This  was  realized  usvially  after  the  first 
setting  was  made.  The  settings  of  the  analysing  !Ticol  for  equality 
of  the  images  were  accurate  to  within  a  half  degree;  often  the  success- 
ive readings  agreed  even  more  closely. 

The  method  of  determining  the  dark  time  of  any  fluorescent  sub- 
stance employed  in  the  present  work  is  to  determine  the  rate  at 
which  the  restoration  of  the  Kerr  cell  decreases  with  some  hlgr 
resistance  as  a  thousand  or  fifteen  hundred  ohms  as  the  damping 
resistance  R,  and  to  determine  the  difference  between  the  angle  2a 
for  the  fluorescent  substance  in  question  and  that  obtained  by  viewing 
the  spark  directly  under  the  same  conditions.   If  this  difference  is 
large,  say  five  to  ten  degrees,  evidently  the  period  of  darkness  for 
this  substance  is  long,  for  with  such  a  high  resistance  in  the  circuit 
described  above,  the  angle  2a  varies  by  aiout  five  degrees  as  the 
mirror  lA   is  moved  from  the  spark  to  a  position  forty-five  meters  from 
the  spark.  For  a  case  of  th  s  kind  results  obtained  when  ?.  is  two 
hundred  ohms  or  less  are  not  reliable  since  for  such  a  low  resistance 
the  restoration  decreases  almost  to  zero  in  the  time  required  for 
light  to  travel  ninety  meters*,  and  the  cell  would  consequently  only 


see  curve  c 
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slightly  restore  the  fluorercent  light,  thuB  malrinp  it  difficult 
if  not  impossible  to  halance  the  intensities  of  the  two  imafcea. 
In  such  a  case  the  resistance  should  be  kept  as  lar;;©  as  four 
hxmdred  ohms  or  more  and  the  fluorescent  light  would  be  ro stored 
accordingly.* 

If,  however,  with  a  thousand  ohms  in  the  circuit  the  angle  Zi 
for  the  fluorescent  substance  examined  differs  by  only  a  degree  or 
two  from  the  abgle  obtained  from  observations  made  directly  on  the 
spark,  the  time  interval  in  question  is  of  the  order  of  magnitude 
of  that  required  for  light  to  pass  twice  the  distance  from  the  sj-ark 
to  a  mirror  about  twenty  meters  away.   In  such  a  case  lower  resist- 
ance must  be  employed  so  as  to  increase  the  rate  of  decay  of  charge 
on  the  plates  of  the  iierr  cell  and  thus  increase  the  rate  of  change 
of  the  restoration  of  the  cell. 

The  shape  of  the  curves  obtained  shov/ing  this  rate  of  change 
of  restoration,  i.e.  the  restoration  expressed  in  tems  of  the  angle 
2o  as  a  function  of  the  distance  between  the  spark  and  mirror,  depends, 
in  an  electrical  arrangement  shovm  in  figure  1,  not  alone  upon  the 
resistance  R,  but  also  upon  the  width  of  the  spark  gap.  Curves  A,B, 
D,  i  ^ich  were  taken  with  a  spark  gap  of  approximately  one  tfentimeter, 
show  oscillations.   „hen  the  spark  gap  was  reduced  to  two  or  three 
millimeters  cvirves  such  as  1,  figure  2,  were  obtained.   In  Instances 
where  the  dark  time  is  very  short  these  oscillations  are  highly 

See  Curve  G. 
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undesirable,  for  there  are  two  and  sometimes  three  points  on  the 
curve  whose  abscissae  are  the  sanie  angle  2n.   as  obtained  for  the 
fluorescent  substance.  If,  however,  the  resistance  is  chanced,  and 
another  curve  and  angle  2a.  for  the  fluorescent  substance  determined, 
there  will  again  be  two  or  three  points  on  this  new  curve  whose  ab- 
scissae equal  the  new  angle  2a   for  the  fluorescent  substance.  One 
of  these  points  only,  however,  will  have  the  same  ordinate  as  one  of 
the  three  points  of  the  preceding  curve.  So  that,  even  if  the  oscilla- 
tions exist,  it  is  still  possible  to  deter.Tiine  a  short  time  interval. 
The  method,  therefore,  is  to  determine  approximately  the  interval 
with  a  high  resistance  a   in  the  electrical  circuit,  and  then  more 
accu  -ately  with  a  lower  resistarace  if  necessary.  The  best  conditions 
are  obtained  when  the  nature  of  the  resiilting  curve  is  such  as  to  have 
a  rapid  change  in  2:.  in  the  region  of  the  angle  of  the  fluorescent 
substance,  but  at  tlie  same  time  the  latter  angle  should  be  not  only 
fairly  large,  which  is  consistent  with  brightness  of  the  restored 
images,  but  should  also  differ  by  ten  or  fifteen  degrees  from  the  angle 
obtained  when  viewing  the  spark  directly;  then  the  error  in  the  deter- 
mination of  2-',  for  the  fluorescent  material  has  a  relatively  small  error 
in  the  dark  time. 

Res\J.t». 


Five  determinations  of  the  time  interval  between  the  absorption 
and  emission  of  light  in  the  case  of  barium  platino  cyanide  were  mrxde, 
using  four  different  resistances  var:,  ing  from  two  hundred  to  four  haindred 
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ohms.   Curves  A,B,C,D,E  in  figure  6  show  the  results.  The 
abscissae  of  curve  0  are  diminished  by  forty  degrees  to  avoid 
crowding  the  curves.  The  following  table  gives  the  angle  obtained 
for  barium  platino  cyanide  in  each  case  and  the  corresponding  position 
of  the  rnirror  which  would  give  the  same  angle  as  taken  from  the  curve. 
Twice  the  average  of  these  distances  when  divided  by  the  velocity  of 
light  gives  the  dark  interval  for  barium  platino  cyanide. 
Curve 


re 

K 

Angle 

Ji stance 

ohms 

cm. 

A 

300 

48°.  7 

318C 

B 

250 

53.2 

3196 

D 

300 

54.1 

3180 

E 

200 

40.6 

3158 

Llean  'a"  =  3181  cm. 
T  =  2ct=  2.3181       =  (  2.12  j;  .01)  z  10""^  sec, 


5  X  10 


10 


Table  I. 


The  value  of  "a"  obtained  from  Curve  C  ,  although  agreeing  as 
well  as  could  have  been  expected  with  the  other  values,  was  not  used 
in  calculating  the  mean,  for  in  this  case  the  resistance  was  fotn* 
hundred  ohms  and  the  cvirve  so  steep  that  a  variation  of  half  a  degree 
in  the  angle  resulted  in  a  variation  of  seventy-five  centimeters  in  the 
distance  "a".  The  maximum  deviation  from  the  mean  value  is  fifteen 

parts  in  3181  or  about  half  of  one  percent.  The  time  interval  calou- 

_7 
lated  from  this  isl2,12_+.01)  xlO  second,  or  about  one  five 

millionth  of  a  second. 
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The  next  substance  examined  was  rhodamine  In  a  solution  of  acetone, 
acetic  acid  and  glycerine.   '.Vhile  f-esh  from  the  tottle  in  which  the 
solution  was  kept  it  showed  a  short  but  very  distinct  interval  be- 
tween the  absorption  and  emission  of  light.   If  allowed  to  remain 
for  fifteen  or  thirty  minutes  in  the  air  the  sample  became  hard  and 
dry  and  then  the  Aerr  cell  restored  its  fluorescent  light  equally 
as  well  as  it  restored  the  light  of  the  spark.    It  evidently  became 
phosphorescent  so  that  the  light  excited  by  the  passsige  of  one  spark 
continued  even  to  the  next  spark;  in  ot.ier  words,  the  duration  of 
phosphorescence  was  as  long  or  longer  than  the  interval  between  sparks. 
The  latter  was  approximately  one  twentieth  of  a  second.   All  observa- 
tions on  rhodamine  were  therefore  made  within  five  minutes  after  the 
sample  was  taken  from  the  container. 

i'he  fluorescence  of  rhodamine  was  bright  red  and  no  difficulty 
was  experienced  in  matching  the  intensities  of  the  two  images.  The 
accuracy  in  triis  case  was,  however,  not  as  good  as  in  the  case  of 
barium  platino  cyanide.  The  slope  of  the  curves  in  the  region  of  the 
point  corresponding  to  rhodamine  was  practically  the  same  as  in  the 
case  of  barium  platino  cyanide,  and  the  images  could  be  matched  with 
the  same  but  no  greater  precision  in  either  case,  so  that  as  far  as 
these  features  are  involved  the  accuracy  should  be  about  the  same  in 
the  two  cases.  As  a  matter  of  fact  out  of  seven  determinations  of  the 
interval  of  dark  time  of  rhodamine  with  values  for  A   covering  a  range 
from  eighty  to  two  hundred  ohms,  the  maximum  deviation  from  the  meai 
value  of  "a"  is  twenty  two  centimeters,   it  was  fifteen  centimeters 
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in  the  case  of  barium  platino  cyanide.   If,  therefore,  the  time 
interval  were  the  same  in  the  two  cases,  the  percent  error  would  be 
%pproxiinately  the  sarne,  but  as  may  be  seen  from  table  2  the  distance 
"a"  for  rhodamine  is  316  centimeters,  about  one  tenth  that  for  barium 

platino  cyanide,  and  the  accuracy  is  accordingly  less.  The  mean  value 

-8 
316  centimeters  for  "n."  yields  (  2,11  i  .  14)  x  10   second  as  the 

period  of  dark  time  for  rhodamine. 


irve 

R 

Angle 

Distance 

ohms 

cm. 

F 

200 

53°.5 

325 

A' 

150 

59  .0 

313 

B' 

200 

54  .0 

320 

C» 

100 

62.  0 

303 

D* 

80 

37.  3 

302 

E' 

80 

47.  9 

338 

F' 

80 

43.  3 

312 

:.:ean  "a"  ■■ 

=  316  cm. 

T  =  .^  =  2.316   =  (  2.  11  J.  .14)  X  10   sec. 


Table  2. 


The  curves  obtained  in  determining  the  time  interval  for  rhodamine 
are  shown  in  figure  7.  Curve  B'  is  there  drawn  to  the  same  scale  of 
abscissae  as  the  other  curves  in  the  figure  but  to  half  scale  in 
the  ordinates.   I'he  abscissae  of  r'  and  K'  are  diminished  by  20  to 
avoid  crowding  the  curves.   Particular  at tent  on  is  called  to  A'and 
C  which  show  the  oscillations  referred  to  above.   In  each  of  these 
cases  there  are  three  points  whose  abscissae  are  the  angle  2a  ob- 
tained from  the  observations  made  on  rhodamine,  the  ordinate  of  one 
only,  of  A'  is  the  same  as  the  ordinate  of  one  of  the  three  points  of  C. 
This  ordinate,  moreover,  agrees  well  with  those  obtained  from  the  curves 
shelving  no  oscillations. 
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